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IJI  R  ODUCTIOH. 


1. 

1.     During  the  past  ten  years  many  derivatives 

of  quinoline  4  carboxylic  acid  have  been  prepared,  particularly 

of  the  2  phenylquinoline  4  carboxylic  acid.     The  sudden  interest 

in  these  derivatives  resulted  from  the  fact  that  it  was 

discovered  that  this  general  class  of  compounds  were  very  useful 

in  the  treatment  of  gout,  sciatica,  rheumatism,  etc.,  and  that 

besides  being  uric  acid  eliminants  and  urinary  antiseptics,  they 

1,2. 

also  have  analgesic  properties. 

Aside  from  this  fact,  quinine  may  be  considered 

(in  a  broad  sense),  as  a  derivative  of  quinoline  4  carboxylic 

acid,  and  accordingly  many  attempts  have  been  made,  with  this 

compound  as  a  starting  point,   to  prepare  substances  which  should 
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resemble  quinine  in  physiological  activity,  but  free  from  some 
of  its  unpleasant  effects,  especially  its  bitter  taste.  This 

4 

fact  is  mentioned  in  the  first  patents  taken  out  in  Friedlander 
and  the  products  were  given  trade  marked  names  such  as  Atophan 
for  the  2  phenylquinoline  4  carboxylic  acid;    Acritin  for  the 
ethyl  ester  of  this  acid;     Paratophan  for  the  para  methyl 
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derivative;     and  Isatophan  for  the  ortho  methoxy  derivative. 

2.     The  object  of  this  investigation  was  at  first 
to  prepare  derivatives  of  quinoline  4  carboxylic  acid  which 
had  structures  related  to  quinine,  but  due  to  the  fact  that  it  is 
so  difficult  to  prepare  this  acid  in  good  yields,  and  also  the 

fact  that  the  simpler  desired  derivatives,  such  as  the  4  methyl- 

6  ' 
quinolyl  ketone,  or  the  quinolyl  4  ethyl  acetate,  etc.,  had 

already  been  prepared  and  were  found  to  be  liquids,  (solid 

products  being  desired),  it  was  decided  to  use  2  phenylquinoline 

4  carboxylic  acid  as  the  starting  substance,  as  it  was  believed 

that  all  of  the  simple  derivatives    to  be  prepared  would  be 


solids.     This  substance  is  at  present  available  in  fairly  large 
quantities. 

As  some  unexpected  difficulties  were  met  with  in  the 
preparation  of  the  acid  chloride  of  £  phenylquinoline  4  carboxylic 
acid,   the  original  purpose  of  the  investigation  was  not  taken  up; 
that  is,  syntheses  of  derivatives  of  2  phenyl quino line  4 
carboxylic  acid  with  structures  related  to  quinine  were  not 
carried  out.     Some  interesting  observations  have  been  made 
however,  regarding  the  chloride  of  this  acid,  and  a  few  derivatives 
of  the  acid  have  been  ruade  by  means  of  the  acid  chloride. 


11  •     HISTORICAL    &  THEORETICAL 

PART. 


3. 

In  the  attempts  to  synthesize  compounds  with 

structures  related  to  quinine,  it  was  first  necessary  to  get  a 

compound  from  which  to  start  the  synthesis.     lepidine,  or  4 

me thylquinoline ,  was  chosen  as  the  starting  compound,  Lepidine 

has  been  prepared  by  various  methods,  which  are  more  or  less 

general  for  these  quinoline  bodies,   the  synthetic  methods  having 
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been  classified  by  Beyer.     Previous  to  this  paper  of  Beyer, 

lepidine  had  been  only  obtained  with  certainty  by  the  decomposit- 

8  , 

ion  of  the  quinine  alkaloids.     Beyer's  method     (which  is  a 

modification  of  Dflbuer  and  filler's  synthesis  of  quinoline 
9 

derivatives  )  was  used,  but  the  yields  were  very  small,  (the 
author  claims  only  low  yields  of  the  base,  but  adds  that 
modifications  of  the  reaction  should  increase  the  yield).  His 
exact  laboratory  methods  were  tried,  as  well  as  a  modification, 
( the  writer  obtained  yields  of  5£-67  percent  of  the  theory  in 
the  preparation  of  quinaldine,   (2  me thylquinoline ) ,  using  this 
modification),  but  in  every  trial  only  a  trace  of  the  desired 

product  was  obtained.     The  supposed  mechanism  of  the  reaction  is 

10  11 
given  in  jPriedlander ,     and  also  by  Blaise  and  Ma  ire. 

The  object  of  preparing  the  4  me thylquinoline  was  to 
oxidize  it  to  the  quinoline  4  carboxylic  acid  and  then  continue 
the  synthesis  of  substances  with  structures  related  to  quinine. 
Due  to  the  difficulty  of  synthesizing  lepidine  however,  an 
attempt  was  made  to  synthesize  the  quinoline  4  carboxylic  acid, 
i.e.  cinchoninic  acid  directly. 

Previous  investigators  have  attempted  to  synthesize 
cinchoninic  acid  by  the  same  method  that  is  used  in  the  preparat- 
ion of  a  great  many  derivatives  of  this  acid,   that  is,  by  the 
treatment  of  aniline  or  substituted  aniline  with  an  aldehyde  and 
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pyruvic  acid.     Per  the  synthesis  of  cinchoninic  acid,  aniline  is 
treated  with  formaldehyde  to  form  methyleneaniline ,  and  this 
product  is  then  treated  with  pyruvic  acid.     However  in  this 
particular  case,  cinchoninic  acid  apparently  cannot  be  obtained. 
Claus  and  Brandt    and  Dobner    attempted  the  synthesis  but  were 
unable  to  get  cinchoninic  acid,  although  by  using  substituted 
anilines  and  various  aldehydes,   they  prepared  many  derivatives  of 
this  acid. 

The  reaction  between  aniline  and  formaldehyde  should 
yield  a  Schiff's  base  which  should  have  the  name  of  methylene- 
aniline.     The  literature  however,  gives  the  name  of  the  product 
derived  from  the  above  reaction  as  anhydrof ormaldehydeaniline 


and  represents  it  by  the  follovin-  structures'! 


h  y  y  >v 


Methyleneaniline. 


Anhydroformaldehyc/e  anil/ne. 

It  was  thought  that  the  cinchoninic  acid  perhaps 


was  not  formed  in  the  reactions  carried  out  by  Dobner  and  Miller,, 
and  Claus  and  Brandt  because  the  methy leneaniline  had  condensed 
to  form  the  anhydroformaldehydeaniline  which  did  not  react  with 
the  pyruvic  acid.     In  a  search  of  the  literature  to  determine 

whether  an  uncondensed  me  thy leneaniline  had  ever  been  made,  a 

15  Id 
German  patent    and  a  pajper  by  Eberhardt  and  Welter    describe  the 

preparation  of  a  compound,   the  latter  paper  describing  the  product 

as  the  dianiline  compound,  while  the  patent  describes  its  use  in 

the  reduction  to  yield  methyl  aniline,  and  suggests  that  the 
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product  is  either  the  me thyleneaniline ,  CgHgH'CHg,  or  a  mere 
mixture  of  aniline  and  anhydrof ormaldehydeaniline .     Both  articles 
describe  the  preparation  of  the  compound  in  a  strongly  alkaline 
solution. 

The  directions  given  in  the  patent  were  followed 
and  the  heavy  oil  which  was  described  was  obtained,  but  on  the 
addition  of  the  pyruvic  acid  to  this  oil,   it  caused  an  immediate 
precipitation  of  the  anhydrof ormaldehydeaniline  which  was  ident- 
ified as  such.     This  work  therefor  confirms  the  results  of  Claus 
and  Brandt,  and  Dobner. 

The  failure  to  synthesize  cinchoninic  acid  led  to 
the  use  of  its  derivative,   the  2  phenylquinoline  4  carboxylic  acid 
or  2  phenylcinchcninic  acid,  which  is  sold  on  the  market  as 
Cincophen,   (formerly  Atophan).     The  details  for  its  synthesis  are 
given  by  Davy-1-'' (as  well  as  the  method  for  the  preparation  of 
pyruvic  acid),  and  in  several  German  patents  as  well?-8    The  2 
pheivlc inehoninic  acid  used  was  a  white  amorphous  powder,  melting 
at  208-210°. 

The  acid  chloride  was  the  first  derivative  of 
2  phenylcinchoninic  acid  which  it  was  attempted  to  synthesize, 
as  many  other  derivatives  could  easily  be  made  from  this  product. 
Ho  particular  difficulties  were  predicted  in  its  synthesis  as 
there  have  been  many  acid  chlorides  of  quinoline  carboxylic  acids 
prepared  before  this  time,  especially  by  H.  Lieyer,  and  Besthorn 
and  IbeIe^-9.     Thionyl  chloride  was  the  reagent  first  used  to 
convert  the  acid  to  the  acid  chloride,   the  directions  of  li.  Ueyef^ 

and  a  German  patent^being  used  with  but  slight  modification. 
Although  this  reaction  was  repeated  several  times  using  varying 
amounts  of  thionyl  chloride,  a  product  could  not  be  obtained 
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which  had  a  definite  melting  point,   the  substances  obtained 
usually  melting  from  about  15Q-165°uncorr . ,  although  some  samples 
started  melting  as  low  as  115°  and  others  as  high  as  216°,  the 
melting  point  mainly  depending  on  how  the  product  was  obtained 
and  treated  in  the  reaction  mixture. 

The  fact  that  a  product  of  definite  melting  point 
was  not  obtained  was  attributed  to  one  of  the  following  reasons: 

a.  "he  thionyl  chloride  perhaps  did  not  completely 
convert  the  acid  into  the  acid  chloride,  and  so  the  melting  point 
obtained  was  a  mixed  melting  point  of  the  aaid  (or  acid  hydro- 
chloride) and  the  acid  chloride  (or  acid  chloride  hydrochloride). 

b.  The  product  obtained  was  perhaps  a  mixture  of  a 
mono  acid  chloride  and  a  polymer,  consisting  of  two  or  more 
molecules,  similarly  to  the  products  obtained  by  Meyer,  and 
Besthorn  and  Ibelex*/. 

In  order  to  determine  whether  or  not  the  first 
idea  was  correct,  phosphorus  pentachloride  was  used  to  prepare 
the  acid  chloride  from  the  acid,   it  being  believed  that  the 
reaction  in  this  case  would  be  more  complete.     The  results  were 
however  not  much  different  in  this  case  except  the  melting 
point  of  the  product  corresponded  with  the  high  melting  products 
from  the  thionyl  chloride,  melting  about  £14°-£16°,  with  none 
of  the  low  melting  products  being  obtained.     This  makes  it  seem 
probable  that  the  Ion  melting  product  is  a  mixture  of  acid  (or 
acid  hydrochloride)  and  acid  chloride  (or  e.cid  chloride  hydro- 
chloride )  . 

In  order  to  determine  whether  the  difficulty  was 
due  to  a  case  of  polymerization  the  procedure  of  ses thorn  and 

1  9  22 

Ioele,  and  Meyer     '    was  followed,   (especially  the  last 
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reference)  t   the  reaction  in  one  case  "being  carried  out  v/ith 
thionyl  chloride  that  had  been  distilled  v/ith  quinoline,  and  in 
another,   the  reaction  was  run  in  a  solution  of  benzene,  (either 
procedure,  according  to  Mayor,  at  least  in  the  case  of  the 
quinaldio  acid  chloride,  yielding  the  mono  acid  chloride).  In 
both  these  cases  however,   the  impure  product,   (judging  from  the 
melting  points),  of  melting  point  150°-157°  being  obtained.     In  no 
case  was  a  product  obtained  which  corresponded  to  Besthorn  and 
Ibele's  product  in  being  easily  soluble  in  ether  and  benzene. 
The  product  which  was  obtained  on  the  other  hand  was  extremely 
insoluble  in  all  common  solvents  except  glacial  acetic  acid; 
hence  it  would  appear  that  these  products  are  similar  to  Meyer's 
polymeric  product.    An  analysis  was  made  on  one  of  the  high 
melting  products  obtained  ,  but  not  much  information  was  gained 
due  to  the  fact  that  it  was  so  difficult  to  purify  the  product. 
The  product  analyzed  had  been  recrystallized  from  glacial  acetic 
acid,  and  the  results  of  the  analysis  pointed  to  the  conclusion 
that  the  product  v/as  the  acetate  of  the  acid  chloride,  but  later 
evidence  detracted  from  this  conclusion. 

In  attempting  to  make  derivatives  of  the  high 
melting  acid  chloride,   that  is,   the  ethyl  ester  and  amide 
particularly,  it  was  found  that  only  a  slight  reaction  took  place 
and  the  products  obtained  did  not  correspond  v/ith  those  already 
given  in  the  literature.     One  would  expect  an  acid  chloride  of 
this  type  to  react  v/ith  ammonium  hydroxide  or  absolute  alcohol 
with  more  or  less  avidity. 

In  preparing  the  acid  chloride  from  the  acid  and 
phosphorus  pentachioride  with  benzene  or  chloroform  as  the 
solvent,  and  re fluxing  the  mixture  for  a  few  hours  on  the  steam 


8. 

bath,  it  was  found  that  a  solution  was  obtained.     On  treatment  of 
this  solution  with  absolute  alcohol  and  ammonium  hydroxide 
respectively,  rather  vigorous  reactions  took  place  and  on  working 
up  the  reaction  mixtures,   the  ethyl  ester  and  amide  of  £  phenyl - 
cinchoninic  acid  were  obtained,  which  gave  the  same  melting  points 
as  given  in  the  literature,     i'rom  this  it  appears  that  the  acid 
chloride  is  present  in  solution  and  yields  the  expected  derivativ- 
es.    However,  in  isolating  the  acid  chloride  from  the  solution 
some  unexplainable  change  takes  place,  yielding  a  product  which 
does  not  give  the  desired  derivatives. 


III.     EXPERIMENTAL  PART. 


»■ 
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1.    At  tempt  to  Synthesize  4  Lie  t hy  1  qu  ino 1  ine  ,   (Lepidine ) . 
fa).     By  the  Lie  t  hod  of  Beyer?'10'24 

Beyer  synthesized  lepidine  "by  treatment  of  methyla] 
and  acetone  with  dry  gaseous  hydrochloric  acid,  and  when  the 
mixture  was  saturated  with  the  gas  aniline  hydrochloride  was  add- 
ed and  the  mixture  warmed  several  hours  on  the  water  bath.  The 
reaction  mixture  was  then  made  alkaline  and  the  lepidine,  togethei 
with  unchanged  aniline  and  resinous  products,  separated  out  as  an 
oil.     This  mixture  was  then  steam  distilled,  and  the  desired 
product  thus  separated  from  the  tar,  and  finally  purified  by 
extraction  with  ether  and  precipitation  as  the  picrate. 

Beyer  considers  that   the  methylal  and  acetone 
undergo  a  Claissen  condensation  due  to  the  action  of  the  dry 
gaseous  hydrochloric  acid,  and  methylene  acetone  is  formed  as 
follows : 


HC=C-C-C-H  +  £  CH*CI '  +  ZH»0 


The  aniline  then  adds  to  the  double  bond  between  the  two  carbon 


atoms,  with  subsequent  ring  closure  and  removal  of  two  hydrogens 

UGH  M&H 

HE  noli  ±e 

Hen 


by  oxidation,  thus: 

H  M  \  M 
H 


rfr« 


L.EPIOINEL  . 


CH 
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Blaise  and  Maire    giTd  practically  the  same  mechanism.  The 
reaction  might  also  be  considered  as  a  1:4  addition  of  aniline 
to  the  conjugated  system  present  in  the  meth^leneanillne,  thus 


M 
H-C-H 

M 


le pi  dine: 

The  exact  directions  of  Beyer  were  followed  in  an 
attempt  to  synthesize  the  lepidine  according  to  his  method.  120 
grams  of  methylal  were  added  to  120  grams  of  acetone  in  a  flask 
surrounded  by  an  ice  bath.     Dry  gaseous  hydrochloric  acid, ( 
generated  by  dropping  concentrated  sulfuric  acid  on  a  mixture  of 
sodium  chloride  and  concentrated  hydrochloric  acid,  and  the  gas 
dried  by  passing  it  through  a  wash  bottle  containing  concentrated 
sulfuric  acid) ,  was  passed  in  for  4  hours  or  until  the  solution 
was  saturated.     The  solution  became  very  black  and  viscous. 
144  grams  of  aniline  were  dissolved  in  280  cc.  of  concentrated 
hydrochloric  acid  and  added  to  the  mixture  which  was  refluxed  on 
a  steam  bath  for  5  hours.    After  cooling,  550  cc.  of  30  percent 
sodium  hydroxide  solution  ,   (which  contained  50  cc.  in  excess), 
was  added  slowly  and  with  stirring.     Before  the  solution  was  made 
alkaline  it  had  a  pleasant  mesitylene-like  odor,  but  after 
becoming  alkaline  it  had  a  quinoline-like  odor.     £he  alkaline 
solution  was  steam  distilled. 

The  first  portions  of  the  distillate  were  clear 


11. 

and  had.  a  pleasant  ethereal  odor,  probably  due  to  acetone  and 
methylal.    A  turbid  solution  next  distilled  and  finally  oil 
drops  appeared.     The  steam  distillation  was  continued  for  4  hours 
and  when  finished  the  distillate  consisted  of  three  layers-  an 
oil,  lighter  than  water,-  a  water  layer,-  and  an  oil,  heavier 
than  water. 

The  two  oily  layers  were  separated  from  the  water 
and  combined  ,  and  the  combined  solution  subjected  to  a  vacuum 
distillation.     The  vacuum  distillation  was  carried  out  at  20-£5  - 
mm.     Practically  the  entire  contents  of  the  Claissen  flask 
distilled  over  oelow  100°  leaving  a  small  amount  of  a  heavy, 

■I 

viscous,   tarry  looking  mass.    ""Thile  this  residue  had  a  strong 
quinoline-like  odor,   the  amount  of  lepidine  which  might  have  been 
present  would  not  warrant  the  use  of  this  method  of  synthesis. 

(b) .    At  tempt  to  Synthesize  4  L.e  thy lquino line  ,   \ lepid- 
ine) , 

By  the  Various  Modifications  of  Beyer's  Method. 

1.     The  writer  has  prepared  £  me thy lquino line 
( quinaldine )  by  a  method  similar  to  that  described  below  with 
yields  as  high  as  67  percent,  using  paraldehyde,  aniline,  and 
hydrochloric  acid,  with  nitrobenzene  as  the  oxidizing  agent. 

It  was  thought  that  perhaps  tnis  same  method 
could  ue  used  for  the  synthesis  of  lepidine  using  methylal, 
acetone,  aniline,  and  hydrochloric  acid.    Accordingly,  250  cc .  of 
concentrated  hydrochloric  acid  were  place  in  a  6  liter  round 
bottomed  flask  fitted  with  a  two  holed  rubber  stopper' containing 
a  large  reflux  condenser  and  a  dropping  funnel  which  had  a 
capillary  tube  leading  to  the  bottom  of  the  flask.     The  end  of  the 
reflux  condenser  was  connected  with  a  large  bored  glass  tube 


which  connected  with  another  large  return  condenser.     The  bottom 
of  this  second  condenser  was  attached  to  a  large  suction  flask 
which  was  surrounded  with  ice.     The  side  arm  of  the  suction  flask 
had  a  rubber  tube  attached  to  it,   the  end  of  which  contained  a 
funnel  which  was  partially  submerged  in  water  so  as  to  absorb  the 
hydrochloric  acid  fumes  which  were  evolved  during  the  reaction. 

150  grams  of  methylal,  87  jrams  of  acetone,  and 
93  grams  of  aniline  were  mixed  and  placed  in  the  dropping 
funnel.     The  hydrochloric  acid  was  then  brought  to  gentle  boiling 
and  a  slow  stream  of  the  mixture  in  the  dropping  funnel  was 
allowed  to  flow  in.    A  vigourous  reaction  ensued,   (probably  due 
to  the  low  boiling  acetone  and  methylal  striking  the  hot  hydro- 
chloric acid) ,  and  large  volumes  of  dense  white  fumes  were  evolve 
The  heating  was  continued  until  all  of  the  mixture  was  added, 
and  then  the  distillate  which  had  collected  in  the  suction  flask 
was  added  to  the  dropping  funnel  and  run  in  once  more,  this 
being  repeated  until  finally  only  a  negligible  amount  of  distill- 
ate remained.     The  mixture  in  the  flask  was  refluxed  6  hours  and 
allowed  to  cool. 

After  cooling,   the  mixture  was  poured  into  a 
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large  porcelain  dish,  cooled  to  5    with  ice,  and  sodium  nitrite 
added  in  small  quantities  until  copious  brown  fumes  were  evolved, 
which  indicated  that  the  excess  aniline  had  been  completely 
diazotised.     The  evaporating  dish  was  placed  on  a  steam  cone 
and  heated  for  about  an  hour  to  insure  the  decomposition  of  the 
diazoniuiu  compound.    After  cooling  the  solution  was  made 
alkaline  with  sodium  hydroxide,   the  tar  scraped  to  one  side  and 
the  solution  poured  into  a  3  liter  flask  for  steam  distillation. 
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The  distillate  obtained  from  the  steam  dis tillatior 
was  similar  to  that  obtained  in  Beyer's  method.     The  oily  layers 
were  separated  from  the  water  layer  and  vacuum  distilled,  but 
yielded  such  a  small  amount  of  substance  that  it  was  not  thought 
worth  while  to  further  purify  it. 

2.  The  method  was  further  modified,  in  that  in 
this  trial  the  mixture  of  methylal  and  acetone  was  saturated 
with  hydrochloric  acid  gas,   the  aniline  hydrochloride  added  as 
in  (a),  and  then  this  mixture  added  from  the  dropping  funnel  to 
the  boiling  hydrochloric  acid  as  in  (b),l.     The  results  of  this 
trial  were  no  different  than  before,  only  a  very  small  amount  of 
a  substance  with  a  quinoline-like  odor  being' obtained. 

3.  It  was  thought  that  perhaps  the  addition  of 
nitrobenzene  might  aid  in  improving  the  yield,  as  nitrobenzene 
is  used  as  an  oxidizing  agent  in  both  Skraup's  synthesis  and  in 
Dobner  and  Miller's  synthesis.     58.0  grams  of  nitrobenzene  were 
accordingly  added  to  the  methylal,  acetone,  aniline  mixture  in 
(b),l,  but  the  ,/ield  was  not  found  to  be  improved. 

4.  A  trial  was  also  made  using  arsenic  acid  as 
the  oxidizing  agent,   (£C  grams  being  added  to  the  flask  in  an 
experiment  identical  to  those  atoove),  but  the  results  were  not 
improved. 

2.    At  tempt  to  Synthesize  Q,uinoline  4  Carboxylic  Acid, 
( Cinch oninic  Acid) . 

An  attempt  was  made  to  synthesize  cinchoninic 
acid  in  spite  of  the  fact  that  Glaus  and  Brandt,  and  Dobner  had 
attempted  the  synthesis  but  had  been  unsuccessful.     It  was 
thought  that  if  the  methyleneaniline  could  be  prepared  without 
permitting  it  to  condense  forming  anhydrof ormaldehydeaniline 
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perhaps  pyruvic  acid  night  react  to  yield  the  desired  cinchoninic 
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acid.     The  method  used  was  similar  to  that  described,  by  Davy 
for  the  synthesis  of  2  phenylquinoline  4  carboxylic  acid. 

The  pyruvic  acid  required  for  this  synthesis  was 
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prepared  from  tartaric  acid,   the  directions  of  Davy ,( see  Wohl 
and  Maag  also),  being  used.    A  weighed  amount  of  tartaric  acid, 
(from  £00-500  grains)  was  well  mixed  with  an  equal  weight  of 
freshly  fused  potassium  acid  sulfate,   the  mixture  placed  in  a 
3  liter  pyrex  flask  connected  with  a  long  condenser  and  gradually 
heated  in  an  oil  bath  until  nothing  more  distilled,   the  temperat- 
ure of  the  bath  not  exceeding  £25°.     The  combined  distillates 
from  four  such  experiments  were  combined  and  slowly  distilled 
from  an  oil  bath  under  diminished  pressure.     The  boiling  point 
of  the  product  obtained  was  71°  at  20  mm.   (temperature  of  the 
oil  bath  sS8°.     The  fraction  from  65°-75°  was  collected.  £93 
grams  of  pyruvic  acid  were  obtained  from  1140  grams  of  tartaric 
acid,  or  slightly  more  than  £5  percent  of  the  weight  of  tartaric 
acid  used,   (which  is  the  yield  claimed  by  Davy). 

The  formaldehyde  aniline,   (methyleneaniline )  was 
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prepared  according  to  the  directions  of  a  German  patent.  93.0 
grams  of  aniline  were  added  to  9  grams  of  sodium  hydroxide 
dissolved  in  16  cc.  of  distilled  water  and  the  mixture  placed  in 
a  flask  fitted  with  a  mechanical  stirrer.     The  mixture  was 
rapidly  stirred  and  300  grams  of  a  40  percent  solution  of 
formaldehyde  v/ere  slowly  run  inti  the  flask.     The  mixture 
remained  clear  for  a  short  time  and  then  gradually  became  turbid 
with  a  considerable  amount  of  heat  being  evolved.     Stirring  was 
continued  for  a  half  hour  after  all  of  the  formaldehyde  had  been 
added  and  then  the  heavy,  white,   syrupy  cil  was  allowed  to  settle. 
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The  water  layer  was  decanted,   the  oil  washed  twice  with  distilled 
water  and  then  separated  from  the  water  by  means  of  a  separator^ 
funnel . 

The  white  oil  was  dissolved  in  an  excess  of 
alcohol  giving  a  clear  colorless  solution,  added  to  the  stirring 
apparatus,   (the  flask  now  being  provided  with  a  mercury  sealed 
stirrer  and  a  reflux  condenser),  and  the  flask  heated  in  an  oil 
bath  until  the  alcohol  re  fluxed.     Daring  vigorous  stirring  80,0 
grams  of  pyruvic  acid  were  run  into  the  flask  through  the  condens- 
er.   After  a  small  amount  of  pyruvic  acid  was  added  a  large 
quantity  of  a  heavy  white  precipitate  settled  out.     A  sample  of 
this  precipitate  was  removed,  dried,  and  a  melting  point  taken. 
The  substance  melted  at  138°-S°.     This  is  the  melting  point 
given  for  anhydroformaldehydeaniline . 

The  addition  of  the  pyruvic  acid  to  the  mixture 
in  the  reaction  flask  was  continued  until  the  entire  amount  had 
been  added.    A  brown, solid, resinous  looking  product  remained  , 
which  did  not  redissolve  after  it  was  precipitated  by  the  first 
few  cubic  centimeters  of  pyruvic  acid.     On  attempting  to  obtain 
the  melting  point  of  this  product  it  was  found  that  it  did  not 
melt  even  at  £80°,   so  that  it  could  not  be  cinchoninic  acid, 
which  melts  at  251°.     This  result  therefor  confirms  Claus  and 
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Brandt's,  and  Dobner's  work,  in  regard  to  the  failure  of 
synthesizing  cinchoninic  acid  using  the  same  method  as  used  in 
the  synthesis  of  many  derivatives  of  this  acid. 

3.     Synthesis  of  2  Phenylcruinoline  4  Carboxylic  Acid 
Chloride . 

The  2  phenylcruinoline  4  carboxylic  acid  may  be 
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synthesized  by  the  method  given  by  Davy  ,  or  by  the  methods  given 
i  ft 

in  Juried lander  7    The  product  used  in  this  work  was  purchased 
from  the  Abbott  laboratories  and  was  of  a  higfe  degree  of  purity; 
melting  point  2u8°-10°. 

The  acid  chloride  of  2  phenylquinoline  4  carboxylic 

acid  was  prepared  by  means  of  thionyl  chloride  similarly  to  the 
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methods  given  by  Meyer,  Bes thorn  and  Ibele  and  a  German  patent. 

a.     35  grams  of  thionyl  chloride  (0.3  moles)  were  weighed 
into  a  500  cc.  round  bottomed  flask  and  25  grams  of  the  acid, 
(0,1  moles),  were  added,   small  quantities  at  a  time.     The  acid 
turned  yellow  on  striking  the  thionyl  chloride,  and  the  flask 
became  quite  warm;     sulfur  dioxide  and  hydrochloric  acid  were 
evolved.     After  all  of  the  acid  had  been  added  a  considerable 
amount  of  material  remained  undissolved.     A  reflux  condenser  was 
attached  to  the  flask,   the  flask  placed  in  a  water  bath  and 
heated,   the  contents  being  protected  from  moisture  by  means  of  a 
calcium  chloride  tube  at  the  end  of  the  condenser. 

The  material  gradually  went  into  solution  with 
evolution  of  sulfur  dioxide  and  hydrochloric  acid,  leaving  a 
clear  red  solution.    After  refluxing  an  hour,   the  excess  thionyl 
chloride  was  removed  by  vacuum  distillation  and  the  liquid  resid- 
ue poured  into  a  crystallizing  dish  and  placed  in  a  vacuum  desicc- 
ator over  sodium  hydroxide.     After  an  hour  a  small  quantity  of 
light  yellow  crystals  were  observed  to  be  forming  in  the  dish,  anc 
on  standing  over  night,  a  solid  yellow  mass  of  crystals  remained. 
A  sample  of  this  material  was  dried  carefully  and  rapidly  on  a 
tlay  plate  and  a  melting  point  taken  and  found  to  be  150°-157°. 
After  washing  the  product  several  times  with  anhydrous  ether  it 
became  slightly  more  colorless  but  still  melted  over  approximate- 
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the  same  range  of  temperature. 

An  attempt  was  made  to  recrystalliEe  the  acid 
chloride  but  it  was  soon  discovered  that  the  product  was  extreme- 
ly insoluble  in  all  of  the  common  anhydrous  solvents  such  as 
benzene,  ether,  ligroin,  chloroform,  carbon  tetrachloride,  ethyl 
acetate,  etc.    A  very  small  quantity  dissolved  in  benzene  and 
chloroform  and  came  out  of  solution  practical!!;/  colorless.  On 
taking  a  melting  point  of  this  recrystallized  product  it  was 
found  to  darken  at  206°  and  melt  about  214  -216°. 

b.    Another  experiment  was  made  with  5  grams  of  acid  (0.02 
moles),  and  14  grains  of  thionyl  chloride,   (0.12  moles),  using  the 
same  procedure  as  before.     The  crude  product  obtained  from  the 
reaction  mixture  started  melting  at  153°  and  finally  became 
liquid  at  172°.     On  washing  some  of  this  product  with  anhydrous 
ether  a  substance  was  obtained  which  darkened  at  105°  and  melted 
from  113°-125°. 

The  inconsistency  of  these  results  suggested  two 

things : 

(a).     Perhaps  the  thionyl  chloride  was  not  causing  complete 
conversion  of  the  acid  to  the  acid  chloride,  and  the  melting 
points  obtained  were  in  reality  mixed  melting  points  of  the  acid 
(or  acid  hydrochloride),  and  the  acid  chloride  (or  acid  chloride 
hydrochloride . 

In  order  to  solve  this  question  it  was  decided  to  make 
an  experiment  using  phosphorus  oentachloride  in  place  of  thionyl 
chloride  as  the  reagent  for  converting  the  acid  to  the  acid 
chloride  it  being  believed  that  this  rearent  would  cause  a  more 
complete  conversion  of  the  acid  to  the  corresponding  acid  chlorid< 
The  details  of  the  method  used  are  similar  to  those  given  by 
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E.  Fischer  and  Van  Slyke  .     5.£  grams  of  phosphorus  pentachlcride 
(0.0£5  moles)  were  placed  in  a  100  ec.  flask  and  covered  with 
oO  cc.  of  dry  chloroform.     5  grams  of  £  phenylciuinoline  4  carb- 
oxylic  acid  (0.02  moles)  were  added  in  small  quantities;  the 
solution  warmed  up  considerably  during  the  addition  of  the  acid. 
The  solution  remained  clear  during  the  first  part  of  the  addition 
of  the  acid  hut  gradually  "became  turbid  and  a  yellow  precipitate 
settled  out.    Hydrochloric  acid  was  evolved  during  the  addition. 
After  all  of  the  acid  was  added  the  flask  was  attached  to  a 
reflux  condenser  protected  from  moisture  by  a  calcium  chloride 
tube.     The  flask  is  heated  on  a  water  bath  at  a  temperature 
sufficient  to  keep  the  chloroform  just  boiling.  Hydrochloric 
acid  is  evolved  during  the  re  fluxing.     The  yellow  solid  gradually 
dissolves  during  the  refluxing  leaving  a  clear  red  solution. 
This  solution  was  divided  into  two  portions.     The  first  portion 
was  place  in  a  vacuum  desiccator  and  allowed  to  crystallize.  The 
material  crystallized  as  yellow  wart-like  crystals  melting  at 
£14°-£16°.     The  second  portion  on  standing  in  a  stoppered  flask 
gradually  crystallized  as  yellow  needle-like  crystals  also 
melting  at  £14°-£16°. 

In  order  to  determine  the  constitution  of  this 
high  melting  compound  it  was  decided  to  analyze  it.  Grlacial 
acetic  acid  was  the  only  solvent  discovered  from  which  the  acid 
chloride  could  be  recrys tallized.    A  sample  of  the  product 
melting  at  £14°-£16  ,  after  three  recrys tallizations  from  glacial 
acetic  acid,  melted  at  ££1^£££°  and  gave  the  following  results 
for  the  determination  of  chlorine  by  the  method  of  Carius: 
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Calculated: 

(a)  ,     tfor  the  acid  chloride-C16H10NOCl    13. 25%  Cl£. 

(b)  .    ?or  the  acetate  of  the  acid  chloride. 

C1l8H14IT0«3C1  10. 62$  Cl2. 

Found: 

Sample  #1.  Sample  #2. 

10.5.5/0  Clg  10.46*-  CI 

The  anal/Bis  therefor  showed  definitely  that  the  high  melting 
product  was  not  the  hydrochloride  of  the  acid  chloride,  for  in 
that  case  the  percentage  of  chlorine  found  should  have  been 
considerably  higher  than  10.4Q>.    As  3een  above,   the  results 
agree  closely  with  the  percentage  of  chlorine  theoretically 
present  in  the  acetate  of  the  acid  chloride,  which  would  mean, 
if  the  agreement  and  analysis  are  correct,   that  acetic  acid  had 
added  to  the  nitrogen  of  the  quinoline  ring  during  recrystall- 
ization.    A  fact  in  contradiction  to  this  view  is  that  if  the 
acid,  that  is,  2  phenylquinoline  4  carboxylic  acid,  is 
reerystallized  from  glacial  acetic  acid  no  change  in  the  melting 
point  is  observed.     However  in  the  case  of  the  acid  chloride  the 
melting  point  rose  about  five  degrees.     Wo  satisfactory 
explanation  has  been  obtained  for  these  results. 

(b).     In  reading  through  the  literature  on  this  subject  it 
was  discovered  that  Ivie^er,  and  Besthorn  and  Ibele  had  a  controv- 
ersy regarding  the  properties  of  2  methylquinoline  4  carboxylic 
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acid,   (quinaldic  acid).     IJeyer  claimed  the  chloride  of  this  acid 
was  insoluble  in  all  common  solvents  such  as  ether,  benzene,  and 
ligroin  and  gave  its  melting  point  as  170°.     Besthorn  and  Ibele 
claimed  their  product  was  very  soluble  in  benzene  and  ether,  but 
rather  difficultly  soluble  in  ligroin,  and  gave  the  melting 
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point  as  97°-98°.     Both  products  yielded  the  identical  amide  and 
es  ters. 

The  controversy  waged  for  some  time  until  finally 
Meyer  discovered  that  his  product  was  a  polymer  made  up  of  two 
molecules  of  Besthorn  and  Ibele's  acid  chloride.    He  found  that 
the  polymer  was  formed  from  the  mono  acid  chloride  "because  of  the 
presence  of  sulfur  trioxide  in  the  thionyl  Chloride.     If  the 
thionyl  chloride  was  first  freed  from  sulfur  trioxide  by  distill- 
ation over  a  tertiary  nitrogen  compound  such  as  quinoline,  or  the 
reaction  performed  in  a  solution  of  benzene,   (the  sulfur  trioxide 
being  removed  by  sulfonating  the  benzene),   then  Besthorn  and 
Ibele's  low  melting  mono  acid  chloride  was  obtained.     If  this 
low  melting  compound  was  treated  with  just  a  trace  of  sulfur 
trioxide  it  was  converted  into  i/ieyer's  high  melting  insoluble 
polymer. 

Inasmuch  as  2  phenyl quinoline  4  carboxylic  acid 
is  very  similar  in  structure  to  £  methylquinoline  4  carboxylic 
acid,  it  was  thought  that  perhaps  the  compound  that  was  isolated 
was  a  polymeric  compound.    v;ith  this  idea  in  mind  the  acid 
chloride  was  made  according  to  Meyer's  directions  .     In  one  case 
5  grams  of  the  acid  were  gradually  added  to  16  grams  of  thionyl 
chloride  which  had  been  distilled  from  quinoline,  and  the 
mixture  was  refluxed  just  as  in  the  previous  experiment.  The 
excess  of  thionyl  chloride  was  removed  by  vacuum  distillation 
and  the  residue  poured  into  a  crystallizing  dish,  placed  in  a 
vacuum  desiccator  and  allowed  to  stand.     The  product  which 
crystallized  had  the  same  appearance  and  properties  as  the 
product  prepared  in  the  previous  experiment.     It  melted  at 
148°-150°.     It  did  not  correspond  with  Besthorn  and  Ibele's 
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product  in  regard  to  solubility,   for  it  was  found  to  be  extremely 

insoluble  in  ail  common  solvents. 

The  second  method  suggested  by  Meyer  was  also 

tried,  namely  the  preparation  of  the  acid  chloride  in  a  solution 

of  benzene.     10  grams  of  thionyl  chloride  ware  placed  in  a  100  cc. 

flask,  50  cc.  of  ahydrous  benzene  added  and  5  grams  of  the  acid 

added  in  small  portions  at  a  time.     The  reaction  was  in  this  case 

less  vigorous  than  in  the  other  experiments,  but  the  solution 

warmed  up  considerably  and  sulfur  Aioxide  and  hydrochloric  acid 

were  evolved.    After  re fluxing  the  mixture,   the  excess  of  thionyi 

chloride  and  benzene  were  removed  by  distillation  in  vacuum,  and 

the  residue  allowed  to  crystallize  in  a  vacuum  desiccator  over 

solid  sodium  hydroxide.     The  product  obtained  was  the  same  as 

before,  being  a  yellow  crystalline  mass,  insoluble  in  all 
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ordinary  solvents  and  melting  at  15£  -156  .     Since  the  use  of 
Meyer's  method  did  not  lead  to  the  synthesis  of  a  compound 
which  resembled  the  mono  acid  chloride  obtained  by  Besthorn  and 
Ibele,   it  would  appear  that  the  inconsistency  of  the  melting 
points  obtained  was  not  due  to  a  case  of  polymerization. 

4.     gj nthesis  of  Derivatives  of  g  Ph e ny 1 qu i no 1 i ne  4 
Carboxylic  Acid  By  Means  Of  The  Acid  Chloride . 

An  attempt  was  made  to  prepare  several  derivatives 
of  £  phenylquinoline  4  carboxylic  acid  from  the  acid  chloride. 
For  the  preparation  of  the  ethyl  ester  a  small  amount  of  the  acid 
chloride  obtained  from  the  phosphorus  oentachloride  experiment, 
of  melting  point  214°-£16°,  was  treated  with  5  cc.  of  absolute 
ethyl  alcohol.    A  slight  reaction  took  place  and  the  acid  chloride 
dissolved  forming  a  yellow  colored  solution.     On  evaporating  this 
solution  to  dryness  in  u  desiccator  a  white  solid  remained  which 
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melted  at  157°-140°.     This  substance  could  not  be  the  ethyl  ester 

as  this  ester  melts  at  50°-51.      This  product  might  possibly  be 

the  hydrochloride  of  the  ethyl  ester,  but  no  analysis  was  made, 

or  further  work  done  upon  it. 

A  small  amount  of  the  same  sample  of  acid  chloride 

was  treated  with  ammonium  hydroxide  to  prepare  the  acid  amide. 

On  adding  the  ammonium  hydroxide  to  the  acid  chloride  a  slight 

hissing  was  noted,  and  the  yellow  color  of  the  acid  chloride  was 

replaced  by  a  light  brown  color.     The  product  was  filtered  off 

and  found  to  melt  at  206-210  ,  which  is  practically  the  same  as 

the  melting  point  of  the  acid.     The  product  was  very  insoluble 

in  benzene,  but  on  repeated  washing  with  boiling  benzene    and  a 

melting  point  determination  made  on  the  undissolved  product,  the 

melting  point  was  found  to  be  214°-218°.     This  substance  cannot 
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be  the  amide,  for  the  amide  melts  at  195  ,  and  should  be  soluble 
in  hot  benzene.     The  constitution  of  the  above  product  was  not 
determined. 

It  was  finally  decided  to  use  a  solution  of  the 
acid  chloride  and  determine  whether  a  derivative  could  be  made 
from  the  solution  directly,  for  it  appeared  that  some  change  took 
place  in  the  acid  chloride  during  crystallization.     Therefor  the 
above  directions  for  preparing  the  solution  of  the  acid  chloride 
were  repeated  using  the  acid  and  phosphorus  pentachloride  with 
benzene  as  a  solvent.     The  clear  red  solution  was  used  to  pre- 
pare the  derivatives. 

(a).     Preparation  of  the  Ethyl  Ester. 

10  cc.  of  absolute  ethyl  alcohol  were  placed  in  a 
test  tube  and  an  e^ual  volume  of  the  acid  chloride  solution 
added.    A  very  noticeable  warming  of  the  tube  took  place  during 
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the  addition  and  a  clear  yellow  solution  was  obtained.     The  tube 
was  allowed  to  stand  about  a  half  hour  and  then  a  dilute  solution 
of  sodium  hydroxide  was  added  to  neutralize  any  acid  and  decomp- 
ose the  phosphorus  pentachloride  or  oxychloride  that  might  be 
present.     The  solution  was  extracted  with  ether  several  time3, 
(the  ester  being  soluble  in  ether  according  to  the  literature), 
and  the  combined  ether  solution  allowed  to  evaporate,    After  all 
of  the  ether  had  evaporated  a  yellowish  oil  remained  which 
solidified  completely  after  £4  hours.     This  product  melted  at 
5£°-55°,  which  corresponds  with  the  melting  point  of  the  ethyl 
ester  of  £  phenylquinoline  4  carboxylic  acid  (51°-5£°). 

The  amide  was  prepared  by  adding  10  cc.  of  the 
solution  of  the  acid  chloride  to  a  test  tube  containing  an  equal 
volume  of  ammonium  hydroxide.     A  white  precipitate  formed  as  the 
solution  came  into  contact  with  the  ammonium  hydroxide.  This 
solution  was  brought  to  boiling  and  the  white  precipitate 
dissolved;     the  water  layer  ~ms  removed  by  pipetting  it  off  and 
the  benzene  solution  allowed  oo  cool.    A  white  glossy  precipitate 
settled  out  on  cooling  which  was  dried  and  found  to  melt  at 
195°.     This  white  solid  is  therefor  the  amide  of  £  phenylquinoline 
4  carboxylic  acid. 

The  above  results  indicate  without  doubt  that  the 
acid  chloride  of  £  phenylquinoline  4  carboxylic  acid  exists  in 
solution,  but  apparently  some  change  takes  place  on  crystalliz- 
ation from  solution.     The  exact  nature  of  this  change  was  not 
de  t ermine d. 


IV.  SUMMARY 


. 

1.    An  attempt  was  made  to  synthesize  4  me  thy 1 qui noli n< 
(lepidine),  by  the  method  of  Beyer,   (which  is  a  modified 

t!  B 

Skraup  or  Lobner  and  Miller  synthesis).     The  amount  of  product 
obtained  was  practically  negligible,  and  although  various 
modifications  of  the  method  were  tried,   (one  of  which  gives 
good  yields  of  2  me thylquinoline ,   ( quinaldine ) ) ,   the  yield 
was  not  improved. 

£.     An  attempt  was  made  to  synthesize  quinoline  4 
carbox,,  lie  acid  directly  by  the  reaction  of  formaldehyde, 
aniline,  and  pyruvic  acid  with  each  other,  which  is  the  method 
used  in  synthesizing  so  many  of  the  derivatives  of  this  acid. 
The  result  of  this  attempt  was  negative  and  confirms  the  work 
of  Claus  and  Brandt,  and  Dobner.     The  difficulty  is  suggested 
as  being  due  to  the  condensation  of  methylene  aniline  to  yield 
anhydrof ormaldehydeaniline  which  does  not  react  with  pyruvic 
acid. 

3.  The  acid  chloride  of  £  phenylquinoline  4  cerboxylic 
acid,   (cincophen),  was  prepared.    A  solution  of  the  acid 
chloride  in  benzene  or  chloroform  can  be  used  for  the  prep- 
aration of  derivatives  of  the  acid.     On  crystallization  from 
solution  some  change  takes  place,   the  acid  chloride  no  longer 
being  soluble  in  benzene  or  chloroform  and  the  melting  points 
obtained  are  very  inconsistent.     If  it  is  a  case  of  polymeriz- 
ation it  must  be  different  from  that  noticed  by  Meyer,  and 
Bea thorn  and  Ibele,  although  the  product  has  all  of  the  char- 
acteristics of  Meyer's  polymeria  quinaldic  acid  chloride.  No 
explanation  can  be  offered  for  the  change  that  takes  place. 

4.     The  ethyl  ester  and  amide  of  2  phenylquinoline 
4  ccrboxylic  acid  have  been  synthesized  by  means  of  the  benzene 


olution  of  the  &cid  chloride. 
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